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ABSTRACT

Aim: Our aim was to compare the prevalence and load of nine pathobionts in subgingival
samples of healthy individuals and periodontitis patients from four different countries.
Methods: Five hundred and seven subgingival biofilm samples were collected from healthy
subjects and periodontitis patients in Belgium, Chile, Peru and Spain. The prevalence and load
of Eubacterium brachy, Filifactor alocis, Fretibacterium fastidiosum, Porphyromonas endodonta-
lis, Porphyromonas gingivalis, Selenomonas sputigena, Treponema denticola, Tannerella for-
sythia and Treponema socranskii were measured by quantitative PCR.

Results: The association with periodontitis of all species, except for T. socranskii, was con-
firmed in all countries but Peru, where only P. endodontalis, P. gingivalis and T. denticola were
found to be significantly associated. Moreover, most species showed higher loads at greater
CAL and PPD, but not where there was BOP. Through Principal Component Analysis, samples
showed clearly different distributions by diagnosis, despite observing a smaller separation in
Peruvian samples.

Conclusions: Unlike prevalence, relative load was found to be a reliable variable to discrimi-
nate the association of the species with periodontitis. Based on this, F. alocis, P. endodontalis,
P. gingivalis, T. denticola and T. forsythia may be biomarkers of disease in Belgium, Chile and
Spain, due to their significantly higher abundance in periodontitis patients.

ARTICLE HISTORY
Received 25 August 2022
Revised 20 February 2023
Accepted 2 March 2023

KEYWORDS

Bacterial load; biomarker;
pathobiont; prevalence;
quantitative PCR; species
specificity

Introduction F. alocis or P. endodontalis [9,10], and describing

The oral microbiome comprises more than 700 micro-  new  putative  periodontopathogens such  as

organisms [1]. In periodontally healthy individuals, the
host and its oral microbiota maintain a symbiotic rela-
tionship [2]. However, a number of disturbances can
alter the host-microbiota equilibrium [2,3] and inter-
rupt the microbial homeostasis, and if extended over
time, may lead to periodontitis [2,4].

The use of methods like culture or DNA-DNA
hybridisation first associated periodontitis with bac-
teria such as Porphyromonas gingivalis, Tannerella for-
sythia and Treponema denticola [5]. Soon thereafter,
species like Filifactor alocis, Selenomonas sputigena,
Porphyromonas endodontalis and Treponema socrans-
kii were also related to periodontitis using PCR [6].
Nonetheless, the advent of high-throughput sequen-
cing (HTS) allowed for the comparison of whole
microbial communities, confirming previous observa-
tions [7,8], stressing the importance of species like

Fretibacterium fastidiosum and Eubacterium brachy
[9,10]. The use of HTS, mainly 16S metagenomics,
unveiled a complex scenario where periodontitis was
seen to result not from individual pathogens but rather
from polymicrobial synergy and dysbiosis [3,4,7]. Most
of the above-mentioned publications are single-
country studies from a rather low number of countries
(to our knowledge, about 55% used samples from the
USA, 14% from Brazil, and the remaining percentage
of publications used samples from the following coun-
tries in an equal distribution: Germany, the UK, Spain,
Italy, Sweden, Turkey, China, Japan, Korea, Taiwan,
Saudi Arabia, United Arab Emirates, India and Chile)
[7,9,11]. However, it should be considered that micro-
bial composition can be influenced by host genotype,
environment and habits [9]. In fact, one study showed
significant microbial divergence between African
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Americans and Caucasians who shared geographic
location, lifestyle and nutrition [12]. Therefore, differ-
ent human populations and ethnicities can harbour
different microbiota.

Recently, we used 16S metagenomics to character-
ise the microbiota associated with periodontitis in
subgingival samples from Belgium, Chile, Peru and
Spain (data not shown). Nonetheless, 16S metage-
nomics is based on sequencing the subregions of the
16S rRNA gene, which can result in misclassification
at the species-level [13,14]. Indeed, quantitative PCR
(qPCR) would be a more suitable approach to analyse
particular species, because it is a highly specific and
sensitive method [8]. Therefore, this study used qPCR
to add to our 16S metagenomics analysis by deter-
mining the degree of association between periodonti-
tis and several species in Belgium, Chile, Peru and
Spain. Based on a literature search [5,6,8,10,15], nine
species were selected for the analysis (E. brachy,
F.  alocis, F. fastidiosum, P. endodontalis,
P. gingivalis, S. sputigena, T. denticola, T. forsythia
and T. socranskii). To our knowledge, this is the first
study aiming to assess and compare the degree of
association of certain bacteria with periodontitis in
different countries.

Methods
Subjects and sample collection

This study was designed as a case-control trial that
included healthy subjects (HS) and periodontitis
patients (PP). Volunteers were recruited from 2017
to 2019 among those attending the dental clinics at
Katholieke Universiteit Leuven (Belgium), Pontificia
Universidad Catdlica de Chile (Chile), Universidad
Cientifica del Sur (Peru) and Universitat
Internacional de Catalunya (Spain). The design was
approved in advance by their corresponding Ethics
Committees, which assigned the study numbers
60696 (Belgium), 180111004 (Chile), 002-DACE-
DAFCS (Peru) and ODO-2014-01 (Spain), all com-
plying with the Declaration of Helsinki. All partici-
pants gave their informed consent before being
included in the study.

The volunteers were grouped as HS (individuals
never diagnosed with periodontitis and free of gingi-
vitis) or PP (patients diagnosed with stage II-IV and
grade B or C generalised periodontitis according to the
latest classification) [16-18]. Healthy periodontium
was defined as non-erythematous and
oedematous gingiva, absence of bleeding on probing
(BOP) or less than 10% of sites with BOP, and no
probing pocket depths (PPD) of >3 mm, in a non-
reduced or reduced periodontium. Periodontitis
defined as stage II-IV and grade B or C was diagnosed
as interdental clinical attachment loss (CAL) at sites

non-

with 23 mm, radiographic bone loss of 15% or higher
of root length, and a maximum PPD of >5mm.
Patients diagnosed with gingivitis, which is defined as
>10% of sites with bleeding on probing and PPDs of
no more than 3 mm, in a non-reduced or reduced
periodontium, were not included in the study [18].
The inclusion criteria comprised systemic health, non-
smokers or light smokers (<10 cigarettes/day), reten-
tion of at least 18 natural teeth, no previous period-
ontal treatment, no antibiotic intake in the previous 6
months, no anti-inflammatory intake in the previous
4 months, no regular use of oral antiseptics, and no
status of pregnancy or breastfeeding.

The demographic and clinical parameters recorded
were age, gender, PPD, CAL and BOP. The probing
depth and gingival recession/overgrowth (with the
cementoenamel junction [CEJ] as a reference point)
were measured to the nearest 1 mm (buccally and
orally of each root, and at each approximal site,
both buccally and orally) by means of a periodontal
probe. CAL was calculated using the sum of the PPD
and the recession. BOP was evaluated 20 s after prob-
ing the depth of the pocket; the scores were 0 (absent)
and 1 (present) [19]. Subgingival samples were taken
from a total of 4 sites per individual using sterile
endodontic paper points (size 30; 2 paper points per
site), which were inserted for 30 s in the deepest
pocket of each quadrant, following isolation and
supragingival biofilm removal. The paper points
were pooled in 2ml screw cap microcentrifuge
tubes, frozen at —80°C and shipped without inter-
rupting the cold chain to the DENTAID Research
Center (Spain). Similarly, the values of CAL and
PPD of the four sites were averaged for each indivi-
dual, and BOP was marked as positive in the presence
of at least one bleeding site.

Quantitative PCR

The amount of each bacterial species and of eubacteria
was evaluated by qPCR using specific primers (Life
Technologies) = and  TaqMan  probes  (Life
Technologies or Roche; Table S1). First, DNA was
purified with the QIAamp DNA Mini Kit (Qiagen
GmbH) following the manufacturer’s instructions for
buccal swabs. Then, reactions were performed as pre-
viously described [20], and the resulting crossing
points were transformed to number of copies/ul
through plasmid standard curves. Each standard plas-
mid was prepared by cloning the target PCR products
in pGEMT [21] with the specific primers from Table
S1, using DNA from E. brachy DSM 3990, E. alocis
ATCC 35896, F. fastidiosum DSM 25,557,
P. endodontalis ATCC 35,406, P. gingivalis ATCC
33,277, S. sputigena ATCC 35,185, T. forsythia ATCC
43,037, T. denticola DSM 14,222 and T. socranskii
ATCC 35,534 as templates. The number of copies/pl



was estimated using a Nanodrop ND-1000 UV - vis
spectrophotometer (Nanodrop Technologies).

Eubacterial load was used to normalise the data
between individuals. The standard curve was pre-
pared as in Alvarez et al. [20], using DNA from
Streptococcus gordonii ATCC 49,818, Veillonella par-
vula NCTC 11,810, Actinomyces naeslundii DSM
17,233, Fusobacterium nucleatum DSM 20,482 and
P. gingivalis ATCC 33,277 as templates.

Statistical analysis

Data processing and statistical analysis were per-
formed in R v4.0.2 [22]. The additional R packages
used were tidyverse [23], ggpattern [24] and Rmisc
[25] to transform and plot the data and to calculate
statistical parameters; gvima [26] to determine the
normal distribution of each variable; car [27] and
emmeans [28] for the statistical analysis; and factoex-
tra [29] to plot Principal Component Analyses (PCA)
from multivariant analyses.

Prior to the statistical analysis, when a sample
tested negative for a certain species, its concentration
was imputed to half the value considered its limit of
detection [30]. Then, data was transformed to logio

scale, and relative bacterial load
copies/ul of agiven species .
(loglo cells/ml of total bacteria ) was created to ad}uSt for

differences in the total bacterial quantity per sample.
CAL and BOP were transformed to categorical vari-
ables according to several publications [16,31,32]:
samples were grouped into Low CAL (<3 mm),
Medium CAL (3-5mm) and High CAL (=5 mm);
Low PPD (<3mm), Medium PPD (3-6 mm) and
High PPD (26 mm).

The principal response variables were the preva-
lence and relative load of each species. The principal
explanatory variables were country and diagnosis,
and the secondary explanatory variables were age,
gender, BOP, CAL and PPD. The homogeneity of
each secondary explanatory variable through the
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groups explained by country and condition was
explored with Linear Models (LM; age), Generalised
Linear Models (GLM; gender and BOP) and Fisher’s
exact tests (CAL and PPD). Statistical differences
between groups in the principal response variables
were assessed with LM (for bacterial load) and GLM
(for prevalence). In all tests, alpha was set at 0.05.

The relative load of each of the nine species was
also evaluated with multivariant analyses through
PCA using the principal explanatory variables as
grouping factors.

Results
Demographic and clinical variables

Data from the 507 participants was sorted according
to country of origin and diagnosis (38 HS and 38 PP
from Belgium, 38 HS and 43 PP from Chile, 64 HS
and 108 PP from Peru, and 58 HS and 120 PP from
Spain). Gender was found to be homogenous across
most groups, but age, BOP, CAL and PPD were
statistically different for HS and PP. Nevertheless,
differences between subjects of different countries
but with the same clinical condition were scarcer
(Table 1).

Bacterial differences by diagnosis

most countries, all species, except for
T. socranskii, were significantly more prevalent in
PP than in HS. E. brachy, F. alocis, P. endodontalis
and P. gingivalis samples, and
S. sputigena in Chilean samples showed no differ-
ences in prevalence related to diagnosis (Figure SI,
Table S2). Concerning bacterial load, the total
number of eubacteria was significantly higher in
PP than in HS (10.72, 13.49, 7.24 and 10.23-fold
in Belgium, Chile, Peru and Spain, respectively);
thus, the quantity of each species was adjusted by
the number of eubacteria. The resulting relative

In

in Peruvian

Table 1. Demographic and clinical characteristics of the subjects. One site was sampled from each quadrant, calculating the
average CAL and PPD per patient, and recording BOP as positive in the presence of at least one bleeding site. Comparisons:
periodontitis patients (PP) vs. healthy subjects (HS) overall and within each country, HS between countries, and PP between
countries. BOP: Bleeding on Probing, CAL: Clinical Attachment Loss, PPD: Probing Pocket Depth.

Gender’ Agé® BOP? CAL? (in mm; %) PPD? (in mm; %)
Group N (% male) (mean + Cl95) (% yes) <3 3-5 >5 <3 3-6 >6
Overall 507 49.40 4521+123 53.23 41.05 1529 4366 36.96 38.19 24.85
Healthy 198 41.84% 3736+ 1.53 21.03 96.94 3.06 - 91.35 8.65 -
Periodontitis 309 5430" 50.31+1.53 74.09 72.09 465 23.26 3.64 56.29  40.07
Belgium HS 38 4737 2450+ 1.09 28.95"9 i 100 - - ! 84.21 15.79 -
Belgium PP 38 58.06 50.77 +3.36° 100" i - 3.23 96.77 - 16.13 83.87
Chile HS 38 26.328 40.53 +2.499¢ 37.94° i 100 - - m 100 - -
Chile PP 43 44.19 51.12 + 3.48° 100" k - 2143 78.57 - 58.14 41.86
Peru HS 64 54.69° 37.27 +2.89¢ 15.63%9 i 90.63 9.38 - m 98.44 156 -
Peru PP 108 48.15 4424 +2.99 90.74" K 463 38.89 56.48 - 94.44 5.56
Spain HS 58 33.93¢ 44.04 +1.90° 10.719 | 100 - - ! 80 20 -
Spain PP 120 62.50° 5536+ 1.92° 4333 Ik 7.50 15.00 77.50 9.17 31.67 59.17

"In the Gender column, groups with the same uppercase letter are significantly different.
2In the Age, BOP, CAL, and PPD columns, groups with the same lowercase letter are not statistically different.
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Figure 1.Relative bacterial load (ratio between the number of each bacterial species and the number of eubacteria in log;q
scale) in subgingival samples from Belgium, Chile, Peru and Spain. Bar height and whiskers represent the mean and the
confidence interval at 95%, respectively. A lower value means a lower relative proportion of that species. Only cases with no
significant differences between healthy subjects (light grey) and periodontitis patients (dark grey) are shown in striped bars.

load was significantly higher in PP than in HS,
except for T. socranskii, whose load was signifi-
cantly higher in HS in all countries. Furthermore,
S. sputigena showed no differences in Belgium,
Chile and Spain; T. denticola showed no differences
in Spain and E. brachy, F. alocis, F. fastidiosum and
T. forsythia showed no differences in Peru
(Figure 1, Table S2).

Bacterial differences by country

In HS, Peruvian samples showed a significantly
higher prevalence of most species than the other
countries. Conversely, Belgium displayed the lowest
prevalence in nearly all species although not always
significantly. However, in PP, the prevalence of all
species except for S. sputigena and T. socranskii
(Figure S2, Table S3) was similar between countries.
Regarding relative bacterial load, the quantity of
most of the species was low in Belgian samples
from HS and high in Peruvian samples from HS.
The relative load of most species was low in
Peruvian samples from PP compared to the other
countries (Figure 2, Table S3).

Differences between species

In HS, T. socranskii was among the least prevalent
species in all countries. On the other hand, E. brachy
was among the most prevalent species. Depending on
the country, P. endodontalis, P. gingivalis, F. alocis
and S. sputigena also showed a high prevalence. In
PP, T. socranskii exhibited the lowest prevalence,
while all other species showed high prevalence
(Figure S3, Table S4). In terms of bacterial load,
F. fastidiosum, S. sputigena and T. forsythia were
mostly present in low numbers in HS, while
E. brachy, T. denticola and T. socranskii were usually
found in high numbers. In PP, F. fastidiosum,
S. sputigena and T. socranskii were found in lower
numbers than the other species (Figure 3, Table S4).

Bacterial differences by clinical conditions

Overall, all species, except S. sputigena and
T. socranskii, showed a significantly higher relative
load and prevalence in the presence of BOP.
However, few comparisons were found to be signifi-
cant by country and/or diagnosis. In HS, E. brachy
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Figure 2.Differences in relative bacterial load (ratio between the load of each species and the number of eubacteria in log;q
scale) between countries. B: Belgium; C: Chile; P: Peru; S: Spain. Bar height and whiskers represent the mean and the confidence
interval at 95%, respectively. A lower value means a lower relative proportion of that species. Within each species and diagnosis,
the countries with a significantly different bacterial load are represented in different solid tones of grey. Countries with striped
bars show no significant differences in bacterial load compared to the countries with the solid bars that share the colours of the
stripes (within the same species and diagnosis). Moreover, the striped bars with a different pattern of greys are significantly
different from one another.

and F. fastidiosum were found in higher numbers
with BOP. Moreover, T. denticola was observed in
higher numbers in PP with BOP. Also, in the pre-
sence of BOP, F. alocis showed higher numbers in
Chilean HS, while E. brachy, F. fastidiosum and
P. endodontalis did so in Spanish HS (Table S5).
Regarding CAL, most species presented
a significantly higher relative load and prevalence in

Furthermore, F. alocis, F. fastidiosum, P. endodontalis,
and T. forsythia were also quantified in higher numbers
in High than in Medium CAL. Conversely, T. socranskii
was found in higher numbers at lower CAL measures.
Within countries, all species, except for T. socranskii
and S. sputigena, showed a higher load in High than in
Low CAL. Additionally, in Chile and Spain, most spe-
cies presented a significantly higher load in Medium

High and Medium CAL than in Low CAL. than in Low CAL (Table S5).
8+ _
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Figure 3.Statistical differences in the number of bacteria (log;o(copies/pl) between species (Ff, F. fastidiosum; Ss: S. sputigena; Ts:
T. socranskii; Tf: T. forsythia; Eb: E. brachy; Pe: P. endodontalis; Pg: P. gingivalis; Fa: F. alocis; Td: T. denticola) within each country and
diagnosis. Bar height and whiskers represent the mean and the confidence interval at 95%, respectively. Within each country and
diagnosis, the species with a significantly different number are represented in different solid tones of grey. Species with striped bars
are not significantly different than the species with the solid bars that share the colours of the stripes (within the same country and
diagnosis). Moreover, the striped bars with a different pattern of greys are significantly different from one another.
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Concerning PPD, whether samples were analysed
overall or by country, all species, except for
S. sputigena and T. socranskii, showed higher relative
loads and/or prevalence at deeper sites. In Belgium,
many species showed significant differences in the
three possible comparisons, in Chile and Spain the
differences were detected mainly in High and
Medium PPD vs. Low PPD, while in Peru most
differences were observed between Medium and
Low PPD (Table S5).

Considering the number of significant comparisons,
BOP had a lower influence over the prevalence and load
of the nine pathobionts than CAL and PPD. Moreover,
the prevalence and the relative load based on the clinical
variables of Chilean and Spanish samples showed
a more similar trend than the other countries.

Multivariant analysis

A possible relationship between the nine species was
explored through PCA. Relative counts were used to
compute principal components, showing that most of
the wvariability could be explained by Principal
Component 1 (PCl) and, to some extent, PC2.
Samples with higher values of PC1 harboured higher
relative numbers of all species, except T. socranskii,
compared to samples with lower values of PCI.
Samples with higher values of PC2 correlated a higher
relative quantity of T. socranskii and S. sputigena.
Afterwards, samples were represented in PCA
plots grouped by diagnosis or by diagnosis and coun-
try. The greatest separation of groups was observed
by diagnosis, where PP presented more positive
values of PC1 than HS, indicating higher abundances
of all species, except T. socranskii in PP. This separa-
tion was not observed in PC2, which agreed with the
few statistical differences observed in T. socranskii
and S. sputigena (Figure S4). Moreover, samples

were barely separated by country (not shown). In
fact, when clustering by condition and country,
Belgium, Chile, and Spain were clearly separated by
diagnosis, while healthy Peruvian and diseased
Peruvian showed a greater overlap (Figure 4).

Discussion

This study aimed to determine the association of nine
pathobionts with periodontitis in Belgium, Chile, Peru
and Spain through qPCR, which is suitable for species-
specific identification. Samples were taken from 507
individuals, which, to the best of our knowledge,
makes this study one of the largest to date.

The association of each species with periodontitis
was measured through its prevalence and quantity.
The analysis of the data showed that most of the
variability in those measures was explained by diag-
nosis and to a lesser degree by country of origin. This
was apparent in the PCA, where samples were mostly
separated according to diagnosis (Figures 4 and $4).
Despite being subordinated to diagnosis, the preva-
lence and quantity of the studied bacteria were more
similar between samples from the same country,
which could be imputed to several factors that have
been described to shape the oral microbiota [1,33],
such as geographical region [34], ethnicity [12],
environment [9], lifestyle [33] or diet [33].

The clinical variables presented the expected statis-
tical differences according to diagnosis [16,31,32,35]
(Table 1). Also, the average age of PP was consistently
higher, which was not surprising since the risk of
periodontitis increases with age [36]. This increase is
thought to be related to changes in lifestyle, diet,
decrease in salivary production or decline of host
immunity, among others [33,36,37], which facilitate
the appearance of new periodontitis localisations or
the progression of existing ones. The microbiome in

PC1 (51.7%)

Figure 4.Principal Component Analysis (PCA) plot of subgingival samples based on the bacterial load of 9 periodontopathogens.
Samples were clustered by diagnosis and country of sampling. The intersample variation is indicated for each PCA axis.



saliva has also been seen to be influenced by age
[33,38]. On the other hand, when comparing samples
from patients of the same diagnosis from different
countries, the demographic and clinical variables also
presented some significant differences. Both age and
the particularities of each country could influence the
statistical analyses of bacterial prevalence and load
according to diagnosis and population. Thus, age,
gender, and BOP were included in the statistical mod-
els to account for the confounding effect of these
variables upon microbial prevalence and load, thereby
increasing the precision of the statistical estimators
calculated by the LMs and GLMs [39], while, because
they showed high multicollinearity with the diagnosis,
CAL and PPD were excluded [40].

Among the clinical variables, BOP showed the
lowest influence on the studied microbiota (table
S5). BOP is an indicator of local inflammation,
which explains why several studies have attempted
to relate bleeding to certain bacteria. However, the
results are controversial even between the members
of the red complex [5,10,41,42]. In our study, overall
(n =507 samples), all species, except T. socranskii and
S. sputigena, were significantly associated with bleed-
ing. However, by diagnosis and/or country, where the
sample size was lower, few results were significant,
which could be due to the elevated interindividual
variability in bleeding sites observed elsewhere [42].

Under the concept of predictive medicine, oral
microbiota has been proposed as a biomarker of
periodontitis. Other factors, like cytokines, have
been used to build predictive models of periodontitis
[43]. Therefore, microbiota may serve as an indica-
tor of sites of active disease and contribute to an
early diagnosis of periodontitis, thereby allowing for
the prevention of severe tissue damage [2,44,45].
However, since well-established periodontopatho-
gens like P. gingivalis have been found in period-
ontally healthy individuals [3], diagnosis should not
rely on the detection of a single species [3]. In fact,
according to the polymicrobial synergy and dysbio-
sis hypothesis, diagnosis should be based on the
detection of a set of species rather than of
a specific pathogen [2,3]. Therefore, the results
from verifying the degree of association with period-
ontitis of the nine studied species could be used to
come up with sets of biomarkers. The suitability of
these sets to build predictive models that would
contribute to prevention and early diagnosis would
be evaluated in a future study. All the species, except
for T. socranskii and S. sputigena, showed more than
70% prevalence in periodontitis. However, all these
bacteria were also found in health, and only in
Belgium three species presented a prevalence of
lower than 30% in health (F. alocis, F. fastidiosum
and P. gingivalis). Thus, the presence of the studied
species may not be a suitable marker of disease. By
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contrast, bacterial load, which is a continuous vari-
able, could correlate better with the presence of
periodontitis. In fact, most species showed
a significantly higher relative load in PP (Figure 1),
though the numerical difference between health and
disease varied depending on the country (Table S2).
In Peru, only P. gingivalis seemed to show sufficient
differences between PP and HS to be used as
a marker of disease. Instead, in the other countries,
the significantly higher relative load in periodontitis
of F. alocis, P. endodontalis, P. gingivalis and
T. forsythia, adding T. denticola in Belgium and
Chile, makes them suitable for the study of biomar-
kers that could be introduced in a predictive model
of disease (Table S2). It is worth noting that these
five species are associated with periodontitis in most
studies [5,6,8,10,15] and include the three recog-
nised periodontopathogens of the red complex [5]
along with F. alocis, which has gained recognition as
a periodontopathogen in recent years [7]. In case
these five species ended up not serving as a reliable
prediction model of periodontitis, E. brachy and
F. fastidiosum could be included in the model to
increase its accuracy, though the difference in quan-
tity thereof between health and periodontitis was
less than 10-fold in Chile and Spain (Table S2).

Our results suggest that some of the species most
commonly associated with periodontitis [5,6,8,10,15]
(typically shown in studies from the USA and Europe)
may not be suitable biomarkers of periodontal disease
in countries under-represented in the literature, such
as Peru. Despite being located to the south of Peru,
Chile is one of the more westernised countries in
South America [46], which may explain its similarities
with Belgium and Spain, especially with the latter.
Peruvian individuals may harbour different micro-
biota, shaped by ethnicity, diet, lifestyle, etc.
[12,33,34]. However, to the best of our knowledge,
there are no previous studies into the association of
bacteria with periodontitis using Peruvian samples.
Furthermore, the first part of this project, which
aimed to characterise the subgingival microbiota in
health and periodontitis of the four countries through
16S metagenomics, found a higher richness (Chaol
index) in Peruvian periodontitis samples than in
those from the other countries, and a higher degree
of complexity of the co-occurrence microbiome net-
work of both healthy and periodontitis Peruvian sam-
ples (data not shown). Therefore, within the frame of
the polymicrobial synergy and dysbiosis hypothesis
[3,4,7], certain roles or genes related to periodontitis
may be fulfilled by pathobionts not included in this
study that might be either more common or only
present in Peruvian oral microbiota.

Based on samples from all countries, except for those
from Peru, our study has confirmed by qPCR the asso-
ciation with periodontitis of E. brachy, F. alocis,
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F. fastidiosum, P. endodontalis, P. gingivalis, T. denticola
and T. forsythia, which agrees with previous observa-
tions [5,7,9,47-49]. Of these species, F. fastidiosum has
been recently proposed as a periodontopathogen
[7,9,47] although, to our knowledge, only one study
[50] has previously used qPCR to confirm its associa-
tion with periodontitis. Our study also corroborated the
association of E. brachy with periodontitis in Belgium,
Chile and Spain. This species has been mentioned in
only a few studies [10,49], since most refer to the genus
Eubacterium or to species such as E. saphenum or
E. nodatum [7,35,45]. Moreover, we found a high pre-
valence of S. sputigena in PP, which agrees with pre-
vious studies that relate this species to periodontitis
[6,10,51] and the potential proinflammatory role of its
lipopolysaccharides [51]. However, to the best of our
knowledge, there are no studies quantifying
S. sputigena, which in our study did not show differ-
ences when comparing HS and PP.

Surprisingly, T. socranskii showed no association
with periodontitis, while other authors found it to be
more prevalent and/or abundant in periodontitis
using 16S metagenomics [10,49], which is not reliable
at the species level [13]. In fact, Camelo-Castillo et al.
associated T. socranskii with health by 16S metage-
nomics [35]. Other HTS studies identified Treponema
in periodontitis, but this genus also contains other
species associated to periodontitis such as T. denticola
and T. lecithinolyticum [7,51], hence the importance
of confirming the results from exploratory methods
like 16S metagenomics.

This study is not without limitations. Although all
the examiners followed the same criteria [52], they
could not be calibrated, which may have resulted in
variability between countries in the measures of the
clinical outcomes. The most evident result is the
recruitment of a lower number of PP with High
CAL and High PPD in Peru, which may explain
some of the differences with the other countries.
This could be related to the statistically lower average
age of the Peruvian periodontitis patients or to an
intrinsic ~ characteristic =~ of  this  population.
Furthermore, the inclusion criteria used during
recruitment were focused on the diagnosis, resulting
in some heterogeneity between the groups in the
demographic variables. Nevertheless, demographic
and clinical variability was corrected by adding such
variables in the statistical linear models.

In conclusion, using methods like qPCR should be
considered for confirming at species-level the associa-
tion with periodontitis of taxa described by 16S meta-
genomics. Moreover, counts should be adjusted by
the total number of bacteria to account for differ-
ences between samples. Following this strategy, our
study has confirmed the association with periodonti-
tis of most of the bacteria analysed. Furthermore, we
have observed some differences between countries,

which highlights the importance of using caution
when extrapolating results from some populations
to others. Besides, prevalence of the species has pro-
ven not to be suitable for predicting disease; none-
theless, their quantities allowed us to propose five
candidate biomarkers that could be applied in
Belgium, Chile and Spain. These results show that
a world-wide mapping of the oral microbiota might
serve as a tool to find potential biomarkers that might
help practitioners to predict periodontitis and pro-
vide new targets for future therapies.
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